A strain of Mycobacterium leprae resistant to rifampicin (RMP) failed to infect normal mice when injected into the foot pads (FP) at a dose of 10 or 100 bacilli/ FP, although it could be maintained by serial passage in mice by the use of inocula of lo4 bacilli/FP; normal mice can be infected by RMP-sensitive M . leprae at a dose of 10 bacilli/FP. By contrast, nude (athymic) mice could be infected with an inoculum of 10 bacilli/FP of the RMP-resistant strain. It is suggested that the strain concerned possessed reduced virulence for normal mice, and the implications of this for the probability of occurrence of human disease caused by RMP-resistant strains of M . leprae are discussed.
Introduction
Some strains of Staphylococcus aureus and of Mycobacterium tuberculosis that are resistant to rifampicin (RMP) are less virulent for experimental animals than are RMP-sensitive strains of the same species (Daddi et al., 197 1 ; Moorman and Mandell, 1981) . Since 1976, several strains of M . leprae have been found that are RMP-resistant (Jacobson and Hastings, 1976; Guelpa-Lauras et al., 1984) , and a chance finding during work with one of these strains suggested that it was less infective for the foot pads of normal mice than are RMP-sensitive strains.
Materials and methods
provided by Lancaster (1 985).
These are described briefly. A full description is

Mouse strains
Normal mice were of the CDl strain (Charles River Laboratories, Margate, Kent). Nude athymic mice (Harlan Olac Ltd, Bicester, Oxon) were an outbred pathogen-free strain maintained in gnotobiotic isolators. The homozygous nu/nu males used in this work were obtained by breeding from matings of nu/nu males with heterozygous nu/ + females.
Strains of M . leprae
The RMP-resistant strain was described by Jacobson and Hastings (1976) and kindly supplied by Dr R. C. Hastings as a mouse foot-pad (FP) homogenate. It was maintained by serial passage in the FPs of normal mice, with an inoculum of lo4 acid-fast bacilli (AFB)/FP. This Received 28 Oct. 1986; accepted 26 Jan. 1987. strain is able to grow in mice given 0.03% RMP (but not 0.06%) in the diet, a resistance 30 times higher than normal. RMP-sensitive strains were obtained from biopsies from patients with leprosy and maintained in the same way. In the experiments reported, the M . leprue inocula were in the form of fresh homogenates made from infected FPs.
Inoculation and treatment of mice and harvesting of FPs for AFB counts
The methods used for inoculation and harvesting of FPs and counting of M . leprue in F P homogenates have been described previously (Shepard and McRae, 1968 ; Lancaster et al., 1983) . Reference to "numbers of M . leprue" represents total AFB/FP. Administration of RMP was by gastric cannula as a 30% (w/v) solution in ethanol, each dose providing 20 mg/kg.
Three groups of five nude mice were inoculated in the right hind FP with lo2, lo', and 10' RMP-resistant M. leprue respectively. After an interval of 6 weeks, RMP treatment was started (one dose weekly) and maintained for 41 weeks; three other groups of mice were inoculated similarly but left untreated. Two sets of three groups of normal mice were inoculated similarly, one set being treated as described and the other left untreated. Several mice died at early stages of the experiment ; all surviving mice were killed and the FPs removed and homogenised. From the homogenates, microscope slides were prepared for counting AFB. The threshold of detection of M . leprae by the method used is about lo4 AFB/FP.
Results
Growth in nude mice
In the untreated mice, the largest inoculum (lo2 AFB/FP) had reached a mean count of 1.5 x lo8 AFB/FP at the end of the experiment (table), and growth could have continued further (Colston and Hilson, 1976 ; Lancaster, 1985) . Significant multiplication of the tenfold smaller inoculum (lo1 AFB), to 1.3 x lo6 AFB/FP in a single surviving mouse, had also occurred. No growth (< lo4 AFB/ FP) was detected in the mice inoculated with the nominal value of 10' AFB/FP; furthermore, this was true for all the groups given this inoculum, which presumably did not contain any viable M . leprae. In the treated mice given the inoculum of lo2 AFB, growth had occurred to a mean of 1.8 x lo6 AFB/FP in three mice. This finding showed that the inoculum still displayed resistance to RMP, but in this group the organisms had grown to a level only 1% of that in the corresponding group of untreated mice. Growth from the inoculum of 10' AFB was apparently also slower; the numbers arising from it only just reached the threshold of detection at the time of harvest.
Growth in normal mice
No growth was detected from the inocula of lo2 or 10' AFB in 17 mice, whether treated or untreated, whereas prediction from the results in nude mice would have led to an expectation of growth being found in 12 of the 17.
Discussion
Growth of the small inocula ( lo2 or 10' AFB/FP) of RMP-resistant bacilli occurred in the FPs of nude mice, whether treated with RMP or not, as was expected; the apparent retardation of growth of the resistant strain in RMP-treated mice could have reflected actual slowing of growth of the RMP-resistant bacilli, or could have been due to the unsuspected presence in the inoculum of a proportion of RMP-sensitive bacilli which contributed to the growth in the untreated mice. The finding of interest was that there was no evidence of growth of the small inocula in any of the 17 surviving normal mice. It is well known that lo2 AFB of RMP-sensitive M . leprae will regularly initiate growth in FPs of normal mice (Shepard, 1960; Shepard and McRae, 1965) , and we have found that such small inocula will also show a normal growth rate in nude mice (Lancaster et al., 1983 ; Lancaster, 1985) . It appeared, therefore, that the RMP-resistant strain resembled sensitive strains in growing in the FPs of normal mice from inocula of 5 x lo3 AFB (Jacobson and Hastings, 1976) or 1 O4 AFB and in growing from an inoculum of lo2 AFB in nude mice, but differed in that it did not yield detectable growth from the latter inoculum after 41 weeks in the FPs of normal mice. We cannot say whether there was no multiplication at all of the inoculum, or whether growth was occurring, but too slowly for the threshold of detection to be reached by the time the experiment was concluded. In either case, the results suggest that the RMP-resistant strain was at a disadvantage by comparison with sensitive strains in the face of the relatively high cellular immune response of normal mice, which is lacking in nude mice. Further work will be needed to confirm this suggestion; in this, the minimum infective dose and growth curve of this and other RMP-resistant strains of M . leprae would be compared with those of sensitive strains. In pathogenic mycobacteria, drug resistance is mediated by chromosomal mutation, and strains derived in this way may show reduced virulence in experimental animals (e.g., isoniazid resistance of M . tuberculosis; Meissner, 1964) . However, it is well known that clinical disease may be initiated by strains of tubercle bacilli resistant to streptomycin, isoniazid or p-aminosalicylic acid (primary drug-resistant tuberculosis), which demonstrates that significant virulence for man is retained by them. Similarly, dapsone-resistant strains of M . leprae can cause leprosy, including the tuberculoid variety characterised by relatively high cellular immunity (Waters and Laing, 1978) . Reduced virulence of RMP-resistant strains of M . tuberculosis for mice or guinea-pigs has been reported by several authors, e.g., an inoculum of 0.5 mg in mice is not lethal, unlike a similar inoculum of a sensitive wild strain (Daddi et al., 1971) . However, some RMP-resistant strains may retain virulence for man because at least 12 cases of primary RMP-resistant tuberculosis have been reported (Kopanoff et al., 1978; Steiner et al., 1983) .
The RMP-resistant strain of M . leprae described here was isolated from a nodule which developed on the skin of a lepromatous patient who was responding well to RMP treatment (Jacobson and Hastings, 1976) , showing that the mutant had the capacity to grow in the presence of the low level of cellular immunity to M . leprae found in such patients. If reduced mouse-virulence of RMP-
